INTRODUCTION
According to the World Health Organization (WHO), it is estimated that 350 million people around the world in 88 countries live in places with the risk of contracting leishmaniasis. 1 In Brazil, the number of detected cases of American cutaneous leishmaniasis (ACL) has remained stable, ranging One of the great difficulties in undertaking control measures against ACL has been the multiplicity of factors involved in its transmission. The diversity of etiologic agents, variety of vector species, existence of both wild and domestic reservoirs, differences in environmental conditions (involving climate, vegetation, rainfall, and altitude), and differences in human factors (such as individual habits, housing conditions, work conditions, and leisure activities) could all play a role either in transmission or in the outcome of the infection. 2 Some studies focus on some specific topics aiming to identify and measure risks related to migratory characteristics 3 or vector prevalence, 4 deforestation 5 or solely investigated children. 6 There are few analytical studies on ACL with a wider approach. 7, 8 Knowledge of risk factors for a disease that are identified from analytical epidemiologic studies may contribute toward the implementation of protection measures, thereby reducing the impact of the disease on the community. Specifically in the case of ACL, knowledge of such factors may contribute extremely toward redefining the control strategies. The aim of this study was to identify sociodemographic and environmental factors relating to ACL transmission in the State of Alagoas.
METHODOLOGY
Study area. The State of Alagoas is located in the centraleastern portion of the northeastern region of Brazil. It has an area of 27,767.6 km 2 ( Figure 1 ) and 2,822,621 inhabitants (2007). The altitude is generally less than 300 m and the climate is typically humid tropical, with a mean annual temperature of 25°C and mean annual rainfall of 1410 mm. 9 In the State of Alagoas, American cutaneous leishmaniasis occurs more frequently in the East Mesoregion, mainly near the border with the state of Pernambuco. Males, adults, and residents of rural areas are those more often affected. 2 Cutaneous single lesions are more prevalent, Leishmania (Viannia) brasiliensis being the only agent found.
The pattern of transmission in this state is rural and periurban, differing from that found in the Amazon Region, either in Brazil or other South American countries. In the Amazon it is a zoonosis of wild animal reservoirs whose transmission is related either to the human contact with primary forests, or to the disordered exploitation of forests for extractive activities, construction of roads, agriculture, and cattle raising or, still, to ecologic tourism.
Study design and population. A case-control study was carried out and the group of cases consisted of incident cases diagnosed between July 1, 2004 and February 1, 2007, among individuals living in the State of Alagoas. The following criteria were used for the diagnosis of cases: 1) presence of skin ulcers with raised rims and granular base, 2) either a positive Montenegro intradermal reaction and/or the finding of the parasite through direct and/or histopathologic examination, 3) therapeutic response and healing of the lesions ( Figure 1 ). Cases with late mucous lesions, human immunodeficiency virus (HIV), and acquired immunodeficiency syndrome (AIDS)
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coinfection were excluded . The main considerations in the differential diagnosis were bacterial ulcers, vascular ulcers, sporotrichosis, squamous cell carcinoma, and leprosy, which are distinguishable from ACL by the criteria used.
Two independent control groups were formed: one consisting of neighbors of the cases and the other of individuals within the community. Neighborhood controls were selected using a systematic routine, starting from the address of the case. The first house on the left side was visited to identify individuals who would meet the selection criteria. If no one was enrolled, the houses on the same side would be sequentially visited until individuals that would fulfill the requirements for controls were identified and accepted to be part of the study. When there was more than one individual with the same sex and in the same age group as the case, the one with the closer age to the latter would be selected. Neighbors would share the same environment as the cases and, thus, differences in the frequency of the disease would be expected to be related to differences in habits. The latter were selected by means of a draw among families living in the area who were receiving care from the Family Health Program team. If they did not live close to the cases, their comparison with the latter would allow a better understanding of the role of environmental factors . Individuals who had moved into the area less than one year earlier, those with past or present skin and/or mucous lesions compatible with ACL, those with antecedents of ACL, and those with a positive Montenegro intradermal reaction were excluded (all controls were tested). Controls were matched to cases by sex and age. The following upward or downward limits for age-matching were observed: for cases less than 2 years of age, the age difference for controls would not exceed 2 years; for cases between 2 and 4 years of age, the age difference for controls would not exceed 3 years; for cases between 5 and 19 years of age, the age difference for controls would not exceed 5 years; for cases between 20 and 59 years of age, the age difference for controls would not exceed 10 years; and for cases greater than or equal to 60 years of age, the age difference for controls would not exceed 20 years ( Figure 2 ).
The Montenegro skin test consisted of the intradermal application of 0.1 mL of the antigen Leishmania (Leishmania) amazonensis , strain OMS MHOM/BR/73/PH8. The size of induration was measured after 48 to 72 hours and an induration of 5 mm or larger was considered a positive result.
Sample size. The sample size calculation was based on the following parameters: an alpha error of 5% and a beta error of 20% (corresponding to a power of 80%). For the proportion of the baseline population that is exposed, three variables were considered based on the work of Soza-Estani and others 7 : staying out of the household for more than 10 hours (27.6%), performing domestic work out of the household (15.4%), and windows that cannot be locked in the closed position (20%), with odds ratios (ORs) of 2.35, 3.69, and 2.63, respectively. The largest sample size obtained was 104 cases and 104 controls for staying out of the household for more than 10 hours.
Data collection. The data collection was carried out by one of the researchers. Potential cases were reported to the researcher mainly by the municipal epidemiologic surveillance teams and family health teams, which had been previously trained (by the researcher). Cases were also identified by means of data from reference services and from the National Disease Notification System (SINAN). Interviews using the same standardized questionnaire were conducted with cases and both groups of controls. The questionnaire was drawn up to obtain data on the following groups of variables: sociodemographic variables (sex, age, schooling, income, place of origin); variables relating to work, school, or leisure activities (location of the work or school activity, frequenting of transmission areas, time in hours dedicated to the principal professional activity, ecotourism, mean length of time per day spent outside of the house, and sleeping at the workplace); variables relating to activities outside of the house (hunting, fishing, performing domestic activities outdoors, walking in the fields at night or at dusk, gathering firewood, and collecting water); variables relating to domestic habits (sleeping under a mosquito net, sleeping outdoors, combating insects-use of insecticide in the previous 30 days-use of repellents, and sleeping with the window open); variables relating to the household (wall material, roofing material, number of rooms, number of bedrooms, number of people per bedroom, water supply, bathroom, toilet, electricity, gas stove, and location of the house); and variables relating to the area surrounding the household and the environment (forest close to the house, river close to the house, crops close to the house, neighbors' houses nearby, domestic animals inside the house, and domestic animals outside of the house). Data analysis. The data were processed using the Epi Info software (version 6.04, CDC, Atlanta, GA), with double data entry. The analysis was performed using Stata 9.2 (StataCorp, College Station, TX), with conditional logistic regression .
Association between American cutaneous leishmaniasis (ACT) and each potential risk factor was studied. As it was a matched case-control study (matched for sex and age), a matched analysis was performed using conditional logistic regression. Univariate conditional logistic regression was used to obtain matched ORs, 95% confidence intervals (CIs), and a likelihood ratio test P values. Those variables which, in the univariate analysis, showed an association with the outcome with a P value < 0.10 were introduced in the multivariate model. A forward selection technique was performed to obtain a final multivariate model in each block. A variable would remain in the model either if it were significantly associated with the outcome ( P < 0.05) or if it changed the value of the OR estimated for other variables by more than 10%.
The research project was approved by the research ethics committee of the Federal University of Alagoas (UFAL), under the procedure number CEP-02/2004.
RESULTS
Ninety-eight cases were selected and 196 controls, in two groups of 98 each, were also selected. Most of the ACL patients were males (64.3%) with a mean and media age of, respectively, 27.4 and 22.5 years. Although most of them were in the age group 20 to 49 years (39.8%), there were an important proportion of cases in younger ages: 15.3% in the age group 1 to 9 years and 30.6% in the age group 10 to 19 years. More than half (58.2%) of the patients had a single lesion, 39.8% had multiple lesions, and 2% had disseminated lesions. Most of them (78.5%) were from rural localities.
In relation to the neighborhood controls , the best multivariate model for sociodemographic variables consisted of more than 4 years of schooling and family income greater than or equal to one minimum salary ( Table 1 ) . For the block of variables relating to work, school, or leisure activities together with the variables relating to activities outside of the house, the best multivariate model consisted of rural location for work or school activities and forest-related leisure activities ( Table 2 ) . For the variables relating to the household, a statistically significant association was observed only for the presence of a gas stove in the house, and there were no other variables to adjust for in the multivariate model. For the variables relating to the area surrounding the household and the environment, the best model consisted of birds inside the house and forest less than 200 m away ( Table 4 ) .
In relation to the community controls , the best adjusted model for sociodemographic variables consisted of more than 4 years of schooling and family per capita income greater than US$ 28.31 ( Table 1 ) . For the variables relating to work, school, and leisure activities together with the variables relating to activities outside of the house, the best multivariate model consisted of rural location for work or school activities and the habit of fishing ( Table 2 ). For the variables relating to the household, the best adjusted model consisted of absence of a gas stove in the house and presence of non-durable wall material ( Table 3 ) . For variables relating to the area surrounding the household and the environment, the best multivariate model consisted of presence of animals inside the house, forest less than 200 m away, dogs outside of the house, and cats outside of the house ( Table 4 ) .
For the neighborhood controls , an analysis was performed with all the variables relating to factors within the house that were associated with ACL transmission, including the sociodemographic variables and those relating to the household. Absence of a gas stove in the house, more than 4 years of schooling, and family income greater than or equal to one minimum salary remained in the model ( Table 5 ). Another adjusted model was constructed using the factors external to the house and, for this, variables relating to work, school and leisure activities, habits outside of the house, the area surrounding the household, and the environment were used in the analysis. This model was adjusted for the presence of birds inside the house, leisure activities in the forest, presence of forest less than 200 m from the house, and rural location for work or school activities ( Table 6 ) .
For the community controls , the best adjusted model for sociodemographic variables with those for the household consisted of absence of a gas stove in the home, non-durable wall material in the house, and per capita family income greater than US$ 28.31 ( Table 5 ) . Among the variables relating to work, school and leisure activities, activities outside of the house, the area surrounding the household, and the environment, only the variables relating to the area surrounding the household and the environment remained in the model, thus repeating the previous model ( Table 6 ).
DISCUSSION
In this study, two control groups were used. The use of neighborhood controls was aimed at matching with cases according to environmental conditions and making it possible to adequately evaluate associations related to habits . The community controls allowed better assessment of the associations with environmental factors. One frequent limitation in this type of study is selection bias. If it occurred in this study, it was of small magnitude. One patient, with a diagnosis confirmed by laboratory tests and cure after treatment, refused to participate and it may have happened that four patients were not included (selection failure) because of deficiencies in the laboratory tests used. The presence of the researcher and the whole collaborating team in the municipalities where ACL is endemic led to notification of almost all the cases detected. With regard to information bias, the rigid criteria for identifying cases and controls are expected to have reduced classification errors relating to the outcome to a minimum. Malnutrition or host genetics were not assessed and thus the confounding effect of these variables could not be estimated. Furthermore, some of the factors studied may be a proxy indicator for poverty in our study population, being some of the mediators between ACL and poverty. Finally, the number of regression analyses that were carried out may have increased the chance of an alpha error.
Sociodemographic variables. It was observed that schooling presented an association with ACL, because individuals with more than 4 years of schooling-reflecting their better social condition-presented a lower chance of becoming diseased. Surprisingly, individuals in the higher category of family income had a greater chance of acquiring ACL. This association remained even after adjusting income for the other factors, and the mechanism for this association is unclear. A possible explanation to this finding would be an information bias. People may have not given accurate information on income, either because they did not want to declare their income or because they may have some difficulty in estimating their earnings. As the sampled population was mainly composed of people living in small towns or rural areas, their earnings often are not regular and some of them grow subsistence crops, which they do not add to their earnings. Thus, family income may not be the factor that best expresses living conditions in this area.
Among this population, which was composed mainly of people living in small towns or in rural areas, family income may not be the factor that best expresses living conditions, unless there was some information bias.
Work, school, or leisure activities. Rural work or school activity was a risk factor for acquiring ACL. However, no association was observed with the time spent on such activities or with the length of time spent away from the house, as shown in another study. 7 Having leisure activities in the forest increased the chance of acquiring ACL by a factor of around six times, when comparison was made with neighborhood controls .
Activities outside the home. With community controls it was found that the activity of fishing and water collection outside of the house decreased the chance of ACL, contrary to what was expected and what had been reported by other authors, 7, 8, 10 considering that remaining outside of the house ought to increase the chance that individuals would acquire ACL. Some divergences found between different studies may have resulted from differences between the vector species that are responsible for ACL transmission in each locality. These species may present different habits and thus modify the risk related to these human activities.
In using neighborhood controls , the variables relating to individual activities (rural work or school activities, leisure activities in the forest, and hunting) presented greater strength of association with acquisition of ACL, thus expressing a close association between exposure to the environment outside the house and the chance of transmission. The activities of hunting and undertaking leisure activities in the forest are closely related. Using these two variables in the multivariate analysis, among neighborhood controls , the activity of hunting lost its statistical significance (data not presented), which is a very plausible result, considering that both of these activities have a direct relationship with exposure to the wild environment (forest) and to vector bites.
However, the multivariate analysis on the same groupings of variables among the community controls reinforced the hypothesis that the activity of fishing decreased the chance that the individuals would acquire ACL, since the association was maintained even after adjustment for variables expressing rural work or school activities.
Variables relating to domestic habits. The absence of any association for variables relating to domestic habits in the two control groups suggests that the risk factors listed were not associated with ACL transmission in Alagoas, and/or that the low frequency of responses for some variables limited the interpretation of these findings.
Absence of a gas stove in the house was shown to be a risk factor for ACL in relation to both control groups. This may be interpreted as another measurement of social condition. This finding may also be related to a possible confounding factor. Individuals who do not have a gas stove probably cook using firewood, a practice that is often carried out outdoors, thus leading to exposure to sandfly bites in the area outside the house. However, the location of the kitchen was not a variable investigated in this study. Cooking using firewood may also be associated with gathering firewood in the countryside, which was a variable with no statistically significant association with ACL.
Variables about home. The association with non-durable wall material in the house, among community controls , suggests that precarious living conditions increase the chance of acquiring ACL. This finding can be understood as a measurement of social condition or a situation that facilitates access to the house by vectors, through the gaps in the walls.
Variables about the area surrounding the home. The presence of forest less than 200 m away from the house was a risk factor for both controls, thus reflecting its importance for transmission relating to breeding sites and transmitter dispersion capacity. 8 Although the type of crop was not among the variables studied, it could be seen during the data collection that banana cultivation was often present in the ACL transmission areas, and this might be associated with specific breeding sites for the probable vector(s). Data in the literature suggest that the vector species Lutzomyia whitmani, L. intermedia , and L. migonei are the ones that are most common in Alagoas, and these are found associated with banana plantations. 2, 11, 12 Animal-rearing inside the house was associated with ACL transmission, for both control groups, independent of the animal species. This association remained when the creatures studied were birds, with increasing risk as the number of birds increased. Although it could be argued that birds are not disease reservoirs and could play a zoo-prophylactic function, as it has been referred for cattle, 13 this is not supported by our results. These data suggest that bird blood attracted the transmitting sandflies and caused them to invade the house, thereby exposing the people living there to vector bites, 14, 15 increasing the chance of transmission.
The association of ACL occurrence with bird-rearing in the house, even after adjusting for other variables, was a finding that, to some extent, was unexpected. Previous studies had already shown that some species of vectors were attracted by poultry blood. Massará and others 15 and Afonso and others 14 described the presence of poultry blood in the digestive tract of sandflies that were captured, respectively, in henhouses or inside the house. Although these studies did not identify whether the blood came from domestic poultry reared in the area surrounding the household or from small birds, it is plausible to suppose that the latter may be the main suppliers of blood for some sandfly species in their natural environment, and that this habit may have been transposed to the interior of houses. If this finding is true, prohibition of the rearing of these birds may contribute toward reducing the incidence of this disease. It is important to emphasize that most bird-rearing involves wild birds and that the current Brazilian environmental legislation already prohibits this practice. Nevertheless, the rearing of wild birds is a deep-rooted cultural practice among rural populations in our setting, which makes it difficult for the population to comply with this legislation . Other studies could be conducted with the aim of gaining a better understanding of the feeding habits of vectors in our environment. It was observed among the community controls that the presence of dogs or cats outside of the house was a protection factor against acquiring ACL. At first glance, it might be supposed that these animals were a greater attraction for the vectors, which thus would bite humans less often. This reasoning may not be true, taking into consideration that this association was not observed among the neighborhood controls . Other environmental factors involved in ACL transmission may have distorted the results. The role of domestic dogs as a reservoir for ACL has been exhaustively studied, but so far no consensus has been reached. 16 Domestic animals have a variety of influences on ACL. They may become reservoirs of the parasite, thus participating in the transmission chain and increasing the risk of ACL. In this study, during the data collection, dogs and horses with suspected ACL lesions were found, and there was an association between ACL and the presence of horses (data not shown), dogs, and cats reared outside of the house. Through the attraction of these animals, these insects may come into the areas surrounding houses or inside houses and may also bite humans, and thus transmit ACL. However, these same animals may attract the vectors and thus would perform a protective role such that humans would avoid being bitten . So far, the Brazilian Ministry of Health 2 does not recognize that domestic animals are participants in the transmission chain, even when infected.
Among the socioeconomic variables, to correlate those that have a closer relationship with ACL, a model containing sociodemographic variables and variables relating to the household was constructed. Among the neighborhood controls , statistically significant associations were found with absence of a gas stove, family income greater than or equal to one minimum salary, and more than 4 years of schooling. Among the community controls , the fit observed was with absence of a gas stove, non-durable wall material in the house, and per capita family income greater than US$ 28.31, which all increased the chance of acquiring ACL.
Another multivariate model brought together the factors directly relating to ACL transmission, i.e., work or school activities, leisure activities and activities outside of the house, and those relating to the area surrounding the household and the environment. It was observed that, in relation to the neighborhood controls, the risk was greater for situations of rural work or school activity, leisure activities in the forest, forest less than 200 m from the house, and bird-rearing in the house. Thus, ACL was found to be associated with three categories of variables: professional activities, leisure activities, and the area surrounding the household and the environment. In relation to the community controls , the variables relating to the areas surrounding the household and the environment that were in the previous model remained in the same multivariate model. This shows the strength of the association of these variables for this control group. 7 In this study, although ACL was found to be associated with activities in the forest such as leisure activities, other indicators for transmission in the areas surrounding the household and inside the house were more marked. It was observed that several members of the same family would become ill within a short period of time and that there were a high percentage of children (15.3%) with ACL; in addition, there was an association with proximity of the forest to the home and with domestic animals inside the house and in the area surrounding the household. These findings reinforce the rural or urban fringe pattern of n transmission.
2 Similar data were seen in analytical studies carried out in Argentina, despite differences in the variables that were associated with the occurrence of ACL. 7, 8 From this study, the following specific control measures can be recommended: protection for individuals undertaking leisure activities in forests, distancing houses from the forest by more than 200 m, and elimination of bird or other animalrearing inside the house. General measures of improved housing and living conditions are also recommended. These measures would certainly affect the transmission of ACL in areas of similar environmental characteristics and where ACL is endemic. Other studies should be conducted to further study the feeding habits of vectors, especially in relation to birds and domestic animals, and the role of these animals in the transmission chain of ACL. 
